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1. Introduction
This contribution presents link level performance results for the shared control channel (SCCH) and provides a reference for accompanying contributions on the same topic. Several aspects are examined including: 

a) performance with and without transmit diversity, 

b) gains and codeword size switching points of turbo code relative to convolutional code also considering channel multipath diversity, 

c) performance of different modulation and coding schemes (MCS) and the corresponding SINR regions to achieve 1% BLER 

d) benefits of cell edge interference co-ordination on the SCCH transmission 

2. Performance Evaluation
Figure 1 shows the geometry CDF for Case 3 of [1] with and without interference co-ordination and is intended to provide an indication in order to define the MCS regions that may be applicable for the transmission of Category 0 and (at least) Category 1 of DL grants and for UL grants in [2]. The geometry CDFs for Cases 1 and 2 are similar and are omitted for brevity (they are presented in [3]). A uniform UE distribution and the same data rate are assumed in all Node Bs for simplicity. 
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Figure 1: Geometry CDF per antenna and its magnification at low CDF points.
In order to provide the target 95% cell coverage without interference co-ordination, the geometry operating point should be at about -4 dB. With interference co-ordination, the geometry operating point increases by about 3.8 dB to -0.2 dB. Clearly, the unique ability of OFDMA to provide interference protection to cell edge UEs through scheduling restrictions, as decided during WG1#46, can lead to substantial improvements in SCCH spectral efficiency. It is later shown that repetition coding is not needed for the low geometry CDF points, thereby substantially reducing the associated SCCH overhead and size. 
The overall simulation assumptions are given in Table 1.
	Parameter
	Assumption

	Bandwidth
	10 MHz (2.0 GHz)

	Control Channel Multiplexing
	TDM

	Channel Model
	Ped. A, TU6, 3 Kmph

	Antenna Configuration
	1 or 2 (SFBC) at Transmitter, 2 at Receiver

	Pilot Overhead
	4.76%

	Channel Estimation
	Time Interpolation/Averaging
	Linear – Doppler dependent coefficients

0-25 Kmph, 25-120 Kmph, >120 Kmph

	
	Frequency Interpolation
	Least Squares

	Buffering for Channel Estimation
	Pilots from Current and Preceding TTI


Table 1: Simulation Assumptions for SCCH Performance Evaluation with SFTD.
Regarding the codeword size switching points between convolutional and turbo codes, a similar evaluation as in [4, 5] was performed and extended to cover the low multi-path diversity case (PA3) and both 1/3 and 1/2 code rates (as the code rate also impacts diversity for OFDM). SFBC is assumed for transmit antenna diversity as it provides the best performance for all code rates and especially for the larger ones that are also assumed for joint coding in multiple MCS regions [2]. Moreover, as it was shown in [6], with simple interference whitening there is no material impact on SFBC from a dominant sector interferer.
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Figure 2: Convolutional vs Turbo Code BLER as a Function of Codeword Size. TU6 Channel.
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Figure 3: Convolutional vs Turbo Code BLER as a Function of Codeword Size. Ped. A Channel.
The main observation from Figures 2 and 3 relates to the fact that turbo codes are more sensitive to interleaving than convolutional ones. Therefore, for channels with low multi-path diversity the codeword size switching point between convolutional and turbo codes in higher than for channels offering relatively large diversity. The Node B scheduler can know the channel diversity in the DL (same as in the UL) and can adjust accordingly the switching point (if necessary, based on the MCS region). Moreover, the turbo code gain over the convolutional code also decreases by a small amount for low diversity channels relative to high diversity ones. Finally, the dependence on the code rate is not large with the turbo performance having some small improvements for the lower rate (as expected).

Figure 4 presents the BLER in channels with low (Ped. A) and large (TU6) multi-path diversity for the various MCS considered in [7] (QPSK with code rate 1/4, 1/3, 1/2 and QAM16 with code rate 1/3, 1/2 and 5/8). Although the Ped. A channel may not occur often at low geometries (UEs near the cell edge), it is likely to occur for the high ones (UEs near the Node B). Although repetition coding has not been considered, it should be expected that 2x repetition will improve performance by nearly 3 dB and 4x repetition by about 5-6 dB (for large codewords where the CRC and tail bit overhead is low, the maximum gain will be achieved). This was also shown in [4]. 
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Figure 4: SCCH BLER performance for different MCS in TU6 and Ped. A channels.

The gains from transmit antenna diversity are substantial, especially for channels with low frequency selectivity. Moreover, these gains will further improve if tentative decisions for the SCCH are used to complement the reference signals (RS) in channel estimation as the transmit power per antenna for the transmit diversity case was assumed to be half that of the single antenna case. In [8], the performance gains from using tentative SCCH decisions to complement the reference signals were found to be approximately 0.6 dB for the TU6 channel (they are much smaller for frequency non-selective channels such as the Ped. A). This well known approach can also help for channel estimation of cell edge UEs as the RS may not benefit from cell edge interference co-ordination (unless hopped among Node Bs).  
3. Conclusions

Link level performance results were presented to evaluate the SCCH BLER. The conclusions can be summarized as:
a) Interference co-ordination avoids repetition coding for SCCH transmission. This is re-enforced by the fact that scheduled UEs typically have better SINR than the average one in long term simulations. Without interference co-ordination, repetition coding (4x for QPSK rate 1/3) is needed for 95% coverage with 1% BLER. Spectral efficiency suffers and SCCH size may substantially increase [7].
b) Turbo coding outperforms convolutional coding for codewords with raw information bits above 120-180. The gains range from 0.5 dB to slightly more than 1.0 dB. 

c) Five-six MCS regions effectively capture the entire SINR range. Interference co-ordination reduces the required number of MCS regions.    
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